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R'1. Current literature highlights
1.1. Combinatorial synthesis of oxazol–thiazole bis-heterocyclic
compounds
Amongst the diverse organic compounds found in nature a
particular intriguing family of biologically active natural products,
often derived from marine sources, contain bis-thiazoles, bis-oxaz-
oles or bis-oxazol–thiazole systems. Many thiazole/oxazole modi-
ﬁed microcins have been discovered that present a range of
biological activities including cytotoxicity, immunosuppression,
antibacterial and antiviral properties. Furthermore, the oxazole
and thiazole ring motifs occur in a large number of synthetic drug
molecules. The frequency with which these structural groups occur
has stimulated the design of a synthetic route to a library of bis-
heterocyclic compounds [1].
In nature, the biosynthesis of oxazoles and thiazoles occurs
by the cyclodehydration of b-hydroxy or thiopeptides followed
by an oxidation reaction. Using this approach as an impetus,
numerous methods have been employed to synthesise these het-
erocycles. The approach employed in this recent publication was
to prepare oxazole amino acid building blocks in solution and
then use them as components in the parallel solid-phase synthe-
sis of oxazol–thiazole combinatorial libraries. Additional reaction
details include the use of Fmoc-isothiocyanate as a thioamide
equivalent, and the incorporation of diverse haloketones into
the thiazoles.
Boc-protected amino acids were selected for the solution-phase
portion of this synthesis, and these were coupled with serine
methyl ester to give the intermediate (1). Cyclization for the dipep-
tide was achieved by treatment with the ﬂuorinating agent DAST,
to give an oxazoline ester, followed by addition of BrCCl3 and
DBU to effect oxidation to the oxazole ester (2). Hydrolysis of the
ester provided the carboxylic acid (3) in an overall yield of 63%
for the isoleucine derivative (R = iBu). LC–MS analysis of these
products indicated very little racemisation had occurred during
the synthesis. This and other similar intermediates were then
available for the combinatorial synthesis of the oxazol–thiazole
bis-heterocycleshttp://dx.doi.org/10.1016/j.comche.2014.02.001
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. Using a solid phase synthetic approach, the oxazole amino acid
building blocks were immobilised on p-methylbenzhydrylamine
(MBHA) resin in ‘tea-bags’ using DIC and HOBt coupling conditions.
Boc groups were removed from 4 by treatment with 55% TFA and
reaction with Fmoc-isothiocyanate provided the substituted thio-
ureas (5). Removal of the Fmoc protecting groupwith 20% piperidine,
reaction with four different haloketones and thermal cyclisation
gave the thiazoles (6). The ﬁnal products were cleaved from the solid
support and were isolated (7) in good yields and purities.H
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precedented oxazol–thiazole bis-heterocyclic compounds. The
route is versatile and is currently being scaled up to generate a
large library of similar compounds.
2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
No papers this month.
2.2. Solution-phase synthesis
Indole-based novel small molecules have been designed as po-
tential anticancer agents. Multi step synthesis of these compounds
was carried out by using Pd/C–Cu mediated coupling–cyclisation
strategy as a key step. Many of the compounds were evaluated
for their anti-proliferative properties in vitro against six cancer cell
lines as well as noncancerous cells. The study suggests that the in-
dole framework presented could be an attractive template for no-
vel and potential anticancer agents and the synthetic strategy
could be useful for generating a diversity based library of small
molecules related to this scaffold [2].
A two-step, one pot tandem microwave-assisted reaction of 3-
formylchromones with aminopyrazoles followed by a tin-free rad-
ical addition has been recently reported. Using this new process, a
library of forty-ﬁve substituted pyrazolo- and dihydropyrazolopyr-
imidines has been prepared. Biological applications for these new
dihydropyrazolopyrimidines have been investigated, and results
suggest that this new class of compound presents cytotoxic prop-
erties [3].
A silver(I)-catalysed reaction of 2-alkynylaryl aldimine with tri-
methyl(triﬂuoromethyl)silane has been reported. The reaction pro-
ceeds efﬁciently under extremely mild conditions to generate 1-
(triﬂuoromethyl)-1,2-dihydroisoquinolines in good yields. In a
similar fashion, the three-component reaction of 2-alkynylbenzal-
dehyde and diverse amines with trimethyl(triﬂuoromethyl)silane
has been reported. As part of a program aiming to incorporate ﬂuo-
rine into natural product-like compounds containing privileged
scaffolds, the synthesis of ﬂuorinated isoquinolines such as these,
permits the ready introduction of library diversity [4].
2.3. Scaffolds and synthons for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
A clay-supported heteropolyacid catalyst has been prepared
and investigated as a novel heterogeneous, reusable and efﬁcient
catalyst for the one-pot synthesis of b-phosphonomalononitriles
under ultrasound irradiation at room temperature. Compared with
traditional methods, the present method is solvent-free, works un-
der milder and cleaner conditions, furnishes products with higher
purity and yields, needs shorter reaction time, easier work-up pro-
cedures, and generates less waste. This procedure allows a series of
b-phosphonomalononitriles to be synthesized from inexpensive
and commercially available starting materials, and thus is a suit-
able candidate for combinatorial and parallel synthesis in drug dis-
covery [5].
A novel solid catalyst based on silica sulphuric acid (SSA) has
been prepared. When SSA was treated with Lewis acids, metal ions
were easily immobilised on silica surface, which resulted in
strengthened Lewis acidity. The novel solid catalyst was
demonstrated to be efﬁcient in promoting the cyclocondensation
of o-aminobenzonitriles with cycloketones in water, and thusis promising for application to pharmaceutical study and
production [6].
The conversion of a commercially available polystyrene-sup-
ported phosphine oxide into synthetically useful polymeric halo-
phosphonium salts using oxalyl chloride/bromide takes place at
room temperature in ﬁve minutes and generates only CO and
CO2 as by-products. The polymeric halophosphonium salts so ob-
tained have been shown to be useful reagents for Appel halogen-
ations and other dehydrative coupling reactions. This permits a
simple three-step synthesis cycle for Appel and related reactions
with very simple puriﬁcation and no phosphorus waste.[7].
2.5. Novel resins, linkers and techniques
A small family of P,P⁄-bidentate C1-symmetric ligands contain-
ing 1,3,2-diazaphospholidine rings with stereogenic phosphorus
atoms has been prepared. Palladium catalytic systems with these
phosphine-diamidophosphites afforded good values of enantio-
meric excess in asymmetric allylic substitution and desymmetrisa-
tion processes. The inﬂuence of the nature of both the phosphine
and diamidophosphite moieties of these compounds on the enanti-
oselectivity is discussed and a ‘mixed-ligand approach’ in Pd-cata-
lysed asymmetric allylation is proposed in the paper [8].
Prior studies have shown an effective way to produce diverse li-
gand sets for catalyst discovery is by using mixtures of monoden-
tate forms to generate catalysts. A new paper illustrates that
alkene-functionalised monodentate ligands could be used in this
way and also could be cross metathesised in situ immediately
before the catalysis step; a combination referred to as metacataly-
sis. A library of quinidine and quinine alkaloid-derived phosphites
were tested as mixtures of monomers and dimers formed via
metathesis. Metacatalysis is an option for expanding combinatorial
methodology, and has the advantage of generating diverse, poten-
tially chelating ligands [9].
Merriﬁeld resin has been modiﬁed by the introduction of an
ortho-nitrophenylethanal group that served as a linker moiety to
attach amines to resin by reductive amination. Resin-bound ter-
tiary amines were shown to be readily transferred into the respec-
tive liberated N-hydroxylated or N-methylated derivatives by
either an oxidation/Cope elimination or a permethylation/Hof-
mann elimination protocol. With these two divergent liberation/
derivatisation options, the resin offers new ﬂexibility in the solid
phase synthesis of N-modiﬁed secondary amines [10].
2.6. Library applications
GluN2B subtype-selective NMDA antagonists represent promis-
ing therapeutic targets for the symptomatic treatment of multiple
CNS pathologies. A series of N-benzyl substituted benzamidines
have been synthesised and the benzyl ring was further replaced
with various polycyclic moieties. A library of N-benzyl benzami-
dines was prepared from 4-(triﬂuoromethoxy)benzonitrile and
variously substituted benzyl amines and these compounds were
evaluated for activity at GluN2B containing NMDA receptors [11].
A three-step synthetic pathwayhas been employed to synthesise
a small library of 2-(4-arylpiperidin-1-yl)-1-(1H-indol-3-yl)etha-
none and 2-(4-arylpiperidin-1-yl)-1-(1H-indol-3-yl)ethane-1,
2-dione derivatives that have been screened in a [3H] ifenprodil
competition binding assay. Some compounds exhibited signiﬁcant
binding afﬁnity at nanomolar concentration. One compound re-
duced NMDA-mediated excitatory post-synaptic currents recorded
inmouse hippocampal slices indicating antagonistic effects. In addi-
tion, the compound showed antioxidant effects in a preliminary
screen, suggesting that it might be considered a prototype for
future drug development of novel ‘dual target’ neuroprotective
agents [12].
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